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FORECASTING STORH-INDUCED BEACH CHANGES ALONG VIRGINIA'S OCEAN COAST! 
W. HARRISON2 and PAUL BULLOCK 
Division of Oceanography 
Virginia Institute of Marine Science, Gloucester Point, Va. 23062 
and 
N. A. PORE 
Harine Techniques Section, National Weather Service 
National Oceanographic and Atmospheric Administration, Silver Spring, }1d. 20910 
ABSTRACT 
Eighteen months of observations of beach profile changes were made at 
16 transects along Virginia's ocean coast. Profiling was done just before 
and just after storms, wherever possible. The changes in beach sand 
volume computed from the profile data were correlated by linear multiple 
regression techniques with 1) analyzed U and V wind components of the. 
1000-mb wind for several of the pertinent grid points on the National 
Heteorological Center's northern hemisphere grid and 2) ocean still-water 
levels recorded at two coastal tide gages. 
The correlation studies did not yield completely reliable predictor 
equations, but as a result of this research it is possible to make the 
following recommendations for further work: 
1) primary effort should be devoted to making better predictions 
of storm surge and to documenting the relationship of high 
ocean levels to beach erosion, 
2) the amount of sand in the beach prism prior to a storm must 
be evaluated because, when a large storm surge does not 
develop, a small to moderate-intensity storm usually 
produces accretion of sand on depleted beaches, and 
3) it will be necessary to obtain a much longer time-series of data 
for beach changes accompanying significant storms before the 
approach outlined in this study can be fully developed and tested. 
!contribution 451 of the Virginia Institute of Marine Science. 
2Present address: Department of Geography, University of Toronto. 
. ' 
2 
Appendices to. this report document fully the beach volume changes 
and the beach-profile envelopes measured during the study period, the 
change in ocean still-water-level during storms, maximum wave heights, 
and general storm characteristics that relate to the beach volume changes. 
INTRODUCTION 
Goal of Research 
The purpose of this study was to begin work on a method for 
operational prediction of storm-induced beach changes. The thought was 
to use wind and storm-surge data that are predicted on a routine basis by 
the National Weather Service, NOAA, and it was felt that if such a 
procedure could be developed, it would be possible to provide estimates of 
beach erosion or deposition as part of routine weather forecasts whenever 
storms threatened. It was also hoped that it might be possible to make 
estimates of shoreline erosion during previous years by using historical 
storm data in the prediction scheme. 
Previous Work 
The authors are unaware of any previous research on a model for 
coastal erosion that is based on forecast wind and storm-surge values. 
Ar~a of Investigation 
The area of investigation (Fig~ 1) lies within t~e Chesapeake Bight 
and extends from the southern tip of Assateague Island, near the 
Virginia--Maryland border, southward along Virginia's ocean coast to the 
-Virginia--North Carolina boundary line. This coastline is subjected to 
severe waves and storm surges initiated by a) extratropical storms (some 
of which are called "northeasters"), b) hurricanes· and tropical storms, 
and c) strong onshore winds from anticyclones (the "dry northeasters" of 
Bosserman and Dolan, 1968) after passage of cold fronts. 
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Fig.!.- Setting of study along coast of Chesapeake Bight 
and U, V l-lind-component convention. Depth 
contours in fathoms. 
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Immediately following storms, the foreshores of the beaches along this 
coastal study strip exhibit (Table 1) sand of medium to very fine mean grain size. 
Coastline trends at the location of profiling transects (Fig. 2) range from N23°W 
to N60°E. (The mode of the foreshore slopes measured at each transe~t ranged 
from 1.0° at transect 11 (Table 1 and Fig. 2) to 5.5° at transect 1. The lengths 
of profiles measured ranged from 40m at transect 11 to ?Om at transects 1,7,8,9, and 1( 
Table 1.- Characteristics of the Beaches Monitored, Transect Locations, and 
Profile Lengths Used in Computing ~Qf 
Sand* Shoreline 
grain trend (de- Mode fore- Profile 
Tran- Approx. dia. grees from shore slope length 
sect location (mm) true north) (degrees) (m) 
1 37°54.1 'N .150 23°E 5·5 70 
75°19.6'W 
2 37°52.2'N .094 53°E. 1.5 6o 
75°26.3 'W 
3 37°45.2 'N .130 25°E 1.2 50 
75°32.8'W 
4 37°38.8'N .155 19°E 2.5 6o 
75°35. 7'W 
5 37°33.3 'N .105 30°E 1.7 6o 
75°36.3 'W 
.6 37°32. 5'N .098 30°E 1.1 50 
75°37.4'W 
7 37°30.6'N .105 30°E 1.5 70 
75°38.2 'W 
8 37°29.0'N .110 28°E Ll 70 
75°39.4'W 
9 37°18.7'N Not 40°E 1.7 70 
75°45.6'W sampled 
*Mean grain diameter as determined by Wentworth sieve series, samples 
collected from foreshore after storm conditions~ 
. \ 
·, 
••• 1 
Table l.(cont'd) Characteristics of the Beaches Monitored, Transect 
Locations, and Profile Lengths Used in Computing flQf 
Sand Shoreline 
grain trend (de- Mode fore- Profile 
Tran- Approx. dia. grees from shore slope length 
sect location (nun) true north) (degrees) (m) 
10 37°07.0'N Not 60°E 1.8 70 
75°54.2'W sampled 
11 36°45.9 'N .210* 13°W 1.0 40 
75°56.9'W 
12 36°45.2 'N .210* 150W 1.9 50 
75°56.8 'W 
13 36°41. 6'N .210* l8°W 1.1 65 
75°55.2'W 
14 36°39.1 'N .210* 230W 1.2 65 
75°54.1 'W 
15 36°36.1 'N .210* 17°W 1.3 65 
75°52~8'H 
16 36°33.0 'N .210* 9°W 1.2 65 
75°52.0'W 
*Modal grain size, interpolated from berm samples taken by Old Dominion 
University researchers. 
• 
b 
Approach 
The approach adopted here involved the statistical correlation of 
beach volume-change data with 1) analyzed (1000-mb) wind values for grid 
points on the National Meterological Center's northern hemisphere grid and 
with 2)water-level data from two tide gages on the open coast. It was 
thought that if sufficiently strong prediction equations could be 
developed, using observed water-level and analyzed-wind data, it would 
be possible to substitute forecast data into the equations and make 
reasonable predictions of beach changes. 
VARIABLES MEASURED 
Beach Volume Change, AQf 
Profiling transects.- The locations of the 16 primary transects (Fig. 2) that 
were routinely profiled in this study are shown in Appendix A. (A special 
series of profiles was run at transect lOA). The landward terminus of 
each profile line was marked with two 3.175-cm I.D. pipes driven deeply 
(2 to 3 m) into the sand. The pipes were placed on a line perpendicular 
to the shoreline, about 2.5 m apart. One pipe was sprayed with a high-
visibility orange paint; the other was left unpainted. An elevation 
reference mark was placed on the most landward pipe, at the sand surface. 
Profile-measuring equipment.- The profiling instrument was an 
articulated wooden frame (Fig. 3) with an angle-measuring device, 
consisting of a protractor and bubble level, in the upper left-hand 
corner. In profiling, the base of the frame was rested on the beach surface 
while the two upright members were plumbed by the operator as he looked at 
the bubble level (Fig. 3). The angle relative to horizontal, that was 
. ,, 
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Fig.3.- Articulated frame profiling instrument. 
CD 
. ,·) 
9 
made by the lower and upper members of the parallelogram, was then read 
on the protractor. 
In profiling a transect, the operator typically proceeds as follows. 
The distance of the sand surface above or below the reference mark on 
the origin stake is determined and noted by speaking into a tape recorder. 
The observer then notes the direction he is facing; no"rth, south, etc. 
He then places the frame on line with the two reference stakes and notes 
the base length and the slope angle (positive or negative). As he 
proceeds over the profile he stays on line by back-sighting on the 
reference posts. He notes the previous high water mark and the top of 
the swash. upon completion of the profile, and before leaving the site, 
he plays back the measurements and fills out a field for.m (Table 2). 
Machine processing of data.- During the first several months of the 
study the field data were plotted by hand and changes in areas between 
successive profilings were determined by planimetering. This procedure 
led to significant errors. A misplotted angle value would result in 
cumulative errors and generate large discrepancies in computed volumes. 
Machine plotting of the profile data and machine computation of volume 
changes was clearly re~uired. 
A flow chart for the volume-change program used in this study is 
given in Figure 4 and the program listing appears in Appendix B. The 
program takes each polar-coordinate pair (angle and radius values) and 
converts them to X,Y rectangular coordinates. Each X,Y pair is then 
added algebraically to the previous X,Y pair. A complete profile is thus 
generated, the output being a deck of cards that can be fed into a 
graphing program which plots the profile to any desired scale. Figure 5 
10 
.... .; 
Table 2.- Field Sheet Filled Out With Profile Data Fqr Transect 11 (Fig. 2). 
-DATE: . 29 Oct. 70 ; TIME: 1300 hrs. .; OBSERVER: --::::=--__:EW=B~___.,.--~--:----r--
TRANSECT: Dam Neck ; TIDE: ______ ; BREAKER HT.: _ _.::3::........;;:m~(~e;.:;..st.:..:i=ma=-=t...::e..t..) __ 
.DISTANCE OF BASE ABOVE OR BELOW MARK: 20 em. 
OBSERVER LOOKS: ® S E W 
ANGLE LENGTH ANGLE LENGTH ANGLE LENGTH 
(±) BASE F.EMARKS (±) BASE REMARKS (±) BASE REMARKS 
(em) (em) (em) 
+12.4 150 +3.2 150 +l.O 150 
- 5-2 90 3.2 
II 0.7 II 
+l9.6 150 3.2 II 0.9 II 
21.2 II 2.9 II 0.8 11 
5.6 II 2.2 II 0.9 II 
5.2 II 1.9 II 0.8 II 
5-4 II 1.8 II 0.9 II 
4.6 II 
Last high-
water mark 1.6 II 0.7 II 
3-7 
II 1.3 II 0.8 II 
3-5 II 1.2 II 0.7 II 
3-9 
II l.l II 0.7 II 
vlater 's 
3-5 II 0.7 II 0.9 II edge 
• 
• 
Read card 
containing 8 
polar coordinate 
pairs [ Radius {R) 
and Angle CPHO J 
11 
Initialize 
coordinate 
TT, 
origin 
disk 
profile 
length on which 
volume is to be 
computed 
PHI= PHI 
All R=O.O are 
set at 1.5 m 
profile length 
(PROLN) I R) 
Last x,y 
coordinates 
computed 
IRNGS = 
number of polar 
coordinate pairs 
in profile 
x, y coordinated 
xcRcos(PHI) + 
y=Rsin(PHI)+ 
x y coordinates, I RNGS, 
PROLN , and height above 
reference mark, stored 
on disk 
Area computed 
as sum of successive 
L--+-""""':f,.------...,--_._-----1 trapezoids h · ) 
AREA= I~~ (y1 + Y2 l 
Volume change (VOL) 
computed as difference 
between areas 
Volume change 
(VOLl stored on 
disk 
Last angle set 
as average of 
los! 3 angles 
Fig.4.- Flow chart for beach volume-change computer program. 
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~ is the machine-plotted profile, generated by the computer and plotting 
programs,. for the data of Table 2.. Following conversion to rectangular 
coordinates, the area beneath each profile and an assumed base is 
computed. Areas are then subtracted to yield volume changes per meter 
width of beach. Volume-change cards are then punched for use in the 
analytical work. 
The computer programs were written for the IBM 1130 machine and will 
compute volume changes for any desired profile length; they allow for 
either truncation or extrapolation of profiles. Editing is also provided 
in the programs to inform the operator of spurious values. 
Accuracy and precision.- The articulated-frame profiler was selected 
for this study because a device was needed that was highly portable, one 
that could be used by one man under all kinds of meteorological and 
lighting conditions. Two tests were made to evaluate the profiling 
instrument.· The first, to test accuracy (closeness to the true value), 
consisted of running the profiler over a line that had been leveled. 
Results indicated good qualitative but poor quantitative representation 
of actual beach conditions. 
In a second test, for precision (repeatability of measurements), the 
operator repeated a profile ten times. The plotted profiles (Fig. 6) 
create a slight envelope. It was assumed for sake of analysis that any 
of the ten profiles could be expected to have been the first of two 
successive profiles from which a beach volume change could be computed. 
Volume changes were computed using each of the ten profiles as a base for 
the remaining nine. This led to generation of 90 volume changes which, 
when rounded to the nearest cubic meter, exhibit the distribution of 
Figure 7· 
''· 
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Fig.6.- Ten successive profiles made with the articulated frame instrument. 
1,5 
The mean of the distribution is 4.5 m3, but peaks are found at 2.0, 
5.0 and 7.0 m3. Seventy-five percent of the observations can be expected 
to be within ±5.0 ~ and 96 percent within ±7.0 ~ of the actual beach 
volume change. When the error is coupled with the error due to "noise" 
in the system, total departure of an observed volume change from a true 
t:(Ae errt:r 
mean change);s perhaps doubled. Noise, or unexplained· variability, is 
due to such factors as sand loss or gain due to non-storm activity between 
successive profilings, to profilings made on the troughs or peaks of beach 
rhythms, or to changes in the beach sand prism induced by progressively 
changing ocean still-water levels (Harrison, 1972), during the interval 
between profilings. 
Results.- Beach volume changes observed at the 16 primary transects 
of Figure 2 are tabularized in Appendix c~ Profile envelopes for each transect are 
given in Appendix D. The profile envelope for· a short but intensive 
study at transect lOA (Fig. 1) is also given in Appendix D. These last 
profiles were made from a carefully leveled datum and an individual value 
was accurate to about ±5 mm above water and ±20 mm below water. The 
envelope of profile change may be compared with those made with the 
articulated frame, although the profiles at lOA reflect only the storm-
induced changes in a summer-profile beach undergoing modification by the 
first northeaster of the autumn season. 
All of the raw data(£!. Table 2) have been punched on computer cards 
and can be made available to interested researchers. 
Correlation studies.- The utility of a prediction scheme for beach 
volume changes will depend to a large extent on how well it predicts for 
stretches of beach, as opposed to individual transects. In order to 
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assess the consistency of predictions for beach segments, two tests were 
devised. The first involved examination of profile changes over a beach 
segment 6oo feet long. The second investigated the response of beaches 
having similar underlying morphologies and exposures to the ocean. 
Three transects were laid out parallel to transect 6 (Fig. 2) on 
Parramore Island. Each transect was instrumented with a series of 8 
pipes, driven 6.1 m apart into the sand. The transects, 6A, 6B, and 6c, 
were ·spaced 8 m, 67 m, and 200 m, respectively, from transect 6. 
Readings were taken once a week. As shown in Table3, correlation of 
volume changes between any two transects is quite high. The inference 
is that beach changes over the 200 m stretch can be considered uniform. 
Covariance between neighboring transects suggests that the prediction 
technique should hold well for beach lengths of 500 to 1000 m. 
Table J.- Simple Correlation Coefficient for Volume Changes Between 
Transects 6A, 6B, and 6c on Parramore Island. 
Comparison 
6A and 6B 
6A and 6c 
6B and 6c 
r 
0.89 
o.so 
The foregoing evidence from Parramore Island may ~e coupled with the 
inshore and foreshore maps (Harrison, et al., 1968) for Camp Pendleton, 
4.5 kilometers north of transe~t ll (Fig. 2), to show the essentially 
two-dimensional nature of the Virginia ocean beaches. Significant 
three-dimensional features, such as those described by Sonu and Russell 
(1966) for the North Carolina Outer Banks, are only rarely present along 
10 
Virginia's ocean beaches or are quite subdued. 
It is now important to examine the correlation of volume changes 
for profiles of similar underlying morphology and exposure to ocean waves. 
Table 4 groups beaches according to these two factors. 
The results of this table show that, with the exception of transects 
I 6 and 7, there are generally poor correlations between volume-change data 
for roughly similar beaches. For forecasting purposes, then, it t-1ould 
seem that about the most one could expect to do would be to refer to beach 
volume changes as "slight," "moderate," .or "great," and specify the sign 
of the change. 
/ Change in Ocean Still-Water Level (SWL) 
Water-level data were obtained from a National Ocean Survey (NOS) 
float-type tide gage at Virginia Beach (Fig. 2) and from a bubbler-type 
tide gage, installed to NOS specifications, at Wallops Island (Fig. 2). 
Special computer runs were made of the hourly astronomical tide heights 
at Wallops Island and Virginia Beach by NOS's Tide and Tidal Current 
Predictions Section. The values were then compared with observed 
still-water levels to obtain hourly values of the storm surge at each 
tide station. 
Wind 
Wind data were obtained from the National Weather Service in the form 
of computer listings of output from the six-layer primitive equation (P.E.) 
model (Shuman and Hovermale, 1968). Such a listing records wind 
information for the 1000-mb level as these are analyzed and forecast 
every 12 hours (0000 and 1200 Greenwich time). Surface winds were estimated 
to be 86 per cent of the 1000-mb winds, shifted 20° toward low pressure. 
• 
Table 4.- Beach Transects Grouped According To Similar Morphology And Exposure To Ocean Waves, Together With r For 
Correlations Of Volume-Change Data. 
Remarks 
Transect(s) Overall shoreline trend Trend at Other r 
Jcurvature toward ocean) transect 
6- Slightly concave N 30° E 
7 Concave N 30° E 0.70 (log-log) 
12 Slightly concave N 15° W 
13 Concave N 18° W 0.17 
11 Slightly concave N 15° W These profiles are 2.25 km apart 
12 Slightly concave N 15° W 0.64 
11 Slightly concave N 15° W 
13 Concave N 18° W 0.64 
14 Slightly convex N 23° W Offshore ridges affect wave 
15 Convex N 17° W refraction 0.28 
12 Slightly concave N 15° W 
16 Straight N go W 0.20 
1 Straight N 23° E Not far from spit end 
8 Convex N 28° E Near spit end 0.60 
5 Straight N 30° E Subject to strong wave refraction 
6 Slightly concave N 30° E by underwater shoals 0.23 
--·- --
~ 
N 
40 
33 
13 
12 _. 
'0 
31 
29 
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20 
This relationship was determined by Pore and Richardson (1969) to estimate 
the surface winds from the 1000-mb winds. Initially, this study required 
values at 18 grid points (Fig. 8) on the northern hemisphere grid used by 
the National Meteorological Center (NHC). The P.E.-model wind vectors 
were reduced by a computer program to U,V components, where U is positive 
when directed south and V is positive when directed west. 
It should be noted that hurricane winds are poorly covered by the l{MC 
grid (Fig. 8) because of its large mesh size relative to the diameter of a 
hurricane. 
PROCESS-RESPONSE HODEL 
Framework and Assumptions 
The basic framework for this simple model conceives of wind 
characteristics and water-level changes as process elements and the beach 
volume change as the response element. It is the study's task to develop 
a predictor equation that relates the functional process-element 
predictors to the response predictand. 
A tacit assumption for modeling purposes is that the nearshore zone 
will act as a constant transform; that is, that the nearshore zone will not 
change its characteristics between successive energy inputs (storms). 
Thus, it is assumed for the sake of this simple model that a given .storm 
input will not significantly alter the nearshore zone. This is a 
reasonable assumption for the zone offshore of the breaker zone, for 
moderate storms. Surf zone response is far more critical, but for the 
generally tlvo-dimensional beaches of Virginia's ocean coast, the 
assumption of an unaltered nearshore zone is considered within the realm 
of a "reasonable assumption." 
'' 
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The expression to be investigated then, is: 
(1) 
where the U's and V's are wind components at 18 NMC grid points (Fig. 8), 
W and W are ocean still-water levels at the Wallops and Virginia Beach 
w v 
tide gages (Fig. 2), respectively, and the subscripts 0-2 indicate that 
any of 38 possible predictors (Xi) can be chosen by the linear-regression 
screening program over three possible lag periods (zero hour lag, and 12 
and 24 hours previously). 
Screening Method 
I A linear regression screening technique (Miller, 1958) was used to 
obtain an empirical fit to equation (1). The technique has been described 
elsewhere (Harrison and Pore, 1967, p. 45). Klein (1965) described the 
object of the screening procedure as follows: 
"The object of the screening procedure is to select from a large 
set of possible predictors only those few which contribute 
significantly and independently to the forecast of a predictand. 
This is accomplished by a forward method of multiple regression 
in which significant predictors are picked in a stepwise fashion, 
one by one. As a result, a small number of predictors can be 
selected which contain practically all the linear predictive 
infor.mation of the entire set with respect to a specific 
predictand. The importance of using a small set of predictors 
to prevent redundancy and instability of the multiple regression 
equation and to insure good results when applying it to new data 
has been emphasized by Lorenz (1956, 1959),. Panofsky and Brier 
(1958), and others. " 
Basically, the technique is shown below: 
• 
• 
Y = An + BnXl + cn-J!<2 NXn. 
(4) 
(5) 
(6) 
• 
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where the A's are constants and B1, B2, c1, c2, etc., are regression 
coefficients. 
'. 
The procedure is to first select the best single predictor (X1 ) for 
the first regression equation (4). The second regression equation (5) 
contains Xl and the predictor (X2) that contributes most to reducing the 
residual sum of squares after Xi is considered. This procedure is 
identical with computing partial correlation coefficients between the 
predictand and each of the remaining predictors, holding the first 
selected predictor constant and selecting as the second predictor the one 
giving the highest partial correlation. The third predictor is the one 
with the highest partial correlation coefficient after removal of the 
effect of the first two predictors; additional predictors are selected in 
a similar fashion. At each step that variable is chosen which, when used 
in conjunction with all previously selected predictors, will add the most 
to the multiple correlation. This is not necessarily the best subset of 
Xi out of the original set. In the closely analogous field of meteorology, 
however, studies such as that of Klein, Lewis, and Enger (1959) have shown 
that by using this screening procedure a highly reliable set of predictors 
can be selected in problems that involve redundant, interrelated variables. 
The approach at first was to obtain prediction equations using observed 
wind and water-level data and then to use the equations with values predicted 
by National Weather Service programs for the adjusted 1000-mb winds and for ·atbrin ·: 
surges along the Atlantic coast • 
24 
Preliminary screening runs for all 18 grid points of Figure 8 
indicated that several of the grid points were unnecessary~ The field was 
then cut to the following 11 points: nos. 227, 228, 229, 264, 265, 301, 
302, 303, 342, and 343. 
Specification of Lag Times 
Lag times presented a difficulty. Originally, the lag times for 
equation (1) were keyed to the time of post-storm beach profiling. This 
procedure was inadequate because the time of post-storm profiling never 
coincided with the time of maximum expenditure of storm energy on the 
beach. Thus, it seemed logical to attempt to lag the predictors of 
equation (1) to maxinrum storm intensity or to the time of maxinrum storm 
surge. 
Wind waves observed at the Chesapeake Light Tower (Fig. 2) were used 
as the index of m.axinrum storm intensity. Wave travel-time diagrams, based 
upon wave-celerity relationships, were constructed for waves of various 
frequencies. Figure 9 shows the distances that waves of 1 through 13 
seconds (the longest period observed) will travel in a 12-hour period. 
This diagram assisted in eliminating grid points that could not logically 
contribute energy for the zero-lag condition. 
The times of highest water levels at the two tide gages were used as 
the zero index for lagging in a number of screening runs. The water-level 
lags showed very little relationship. When highest.tide level was used 
there was still only a very low correlation with ll.Qf. At first glance 
this was perplexing but, in searching the data (see Appendix c), only one 
period of no storm ·surge was found, consisting of two back-to-back storms 
between March 18 and 20, 1970. During the remainder of the periods, 
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Fig.9.- Maximum distances that waves of a given period 
could have travelled during a 12-hour interval. 
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surges were consistently 1.0 to 2.0 ft. (0.)-0.6m) with a strong mode slightly 
above 1.0 ft. (O.Jm). Highest water level was, therefore, an almost constant 
predictor. If the population were expanded to include beach changes during both 
storm and non-storm conditions, it would not be surprising to see a significant 
correlation with highest water level. The importance of fluctuations in ocean 
still-water level to changes in foreshore sand volume is clearly shown, for 
example, in Figure 10. Both the volume-change data for .transect lOA and the d'lta 
from a earlier study at Camp Pendleton, 4.5 km north of transect 11, show the 
sensitive response of foreshore sand volume to tide level. One would expect a 
similar response to storm surge and relaxation. 
Once use of the highest ocean still-water level (SWL) had been 
determined, the ~uestion of lagging arose. Should the highest (SWL) 
be restricted to a certain time interval prior to profiling, or should 
it also be lagged to stor.m intensity as deter.mined by wave heights1 
Ideally, the highest SWL would coincide with the highest wave, but this 
was not the case. Comparison of SWL and curves of wave heights yielded 
no obvious relationship. Subtracting the astronomical tide, which.would 
not be a function of stor.m energy, from the observed tide, and comparing 
the resulting stor.m surge to wave activity, revealed no consistent 
relationship (Fig. 11). The maximum wave activity would often peak near 
a stor.m-surge peak, but just as often run appreciably ahead or behind the 
highest water level during stor.m activity. As a result, highest SWL was 
taken as the highest position· during stor.m activity, and the choice was 
often somewhat subjective. 
/ 
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Storm Frequency and Storm Severity Considerations 
For final screening regressions, storms were segregated as to 
severity. This was to some degree a subjective process. Any storm 
exhibiting waves higher than two meters and a storm surge was included in 
the analysis. Storms were classified into three types: extratropical 
cyclones, "dry northeasters," and hurricanes. Bosserman and Dolan (1968) 
proposed a much more sophisticated stor.m classification for the region of 
study. It postulated eleven storm types, based upon factors of storm 
origin and movement. Unfortunately, the present sa.rnple size was 
insufficient to allow such a breakdown, and so the only distinction made 
was between extratropical cyclones and dry northeasters. 
One of the serious difficulties in the present study is the all too 
common situation of coastal storms followi~g one upon another. It is 
impossible to know when to take profile data that would relate in any 
meaningful way to "storm characteristics." One also wonders as to the 
utility of beach-erosion forecasts when the frequency, spacing, path, and 
intensity of successive storms cannot yet be perfectly forecast by the 
National Weather Service. 
SCREENING RUNS 
Screening Criteria 
s'creening regressions for each of the 16 beach transects were performed 
with the data arranged according to the following criteria: 
l) both storm types (extratropical cyclones and dry northeasters) 
were lumped together, and beach volume changes were lagged 
to the most recent storm for those cases in which two 
stor.ms occurred during one profiling interval, 
.30 
2) both storm types were lumped and beach volume changes were 
lagged to the most intense storm that occurred during the 
profiling interval, 
3) only extratropical cyclones were included, and 
4) only beach volume changes of seven cubic meters or 
greater and only those volume changes closely 
associated with a specific storm were considered. 
From these screening regressions it was hoped that critical predictors 
would be indicated. None of the independent variables. (Xi) were present, 
however, in more than two of the volume-change prediction equations per 
• 
screening criterion. None of the Xi were present in more than two of the 
volume-change prediction equations per screening criterion. This is well 
within random probability as there were 48 predictors screened and 16 to 
30 predictors selected for the sum total of transects per criterion. 
Results 
Tables ·5 , 6 , 7 , and 8 show the prediction equations derived from each 
regression criterion, along with the partial correlation coefficients and 
the sample size. Failure of the screening procedure to repeatedly select 
one or two key predictors is not in itself invalidating, as there may be 
little difference between the contributions of many of the predictors. 
It does, however, indicate that the results should be scrutinized closely. 
Some of the prediction equations yield relatively high partial 
. 
correlation coefficients. For example, the prediction equation for 
transect 3, criterion 2 (Table 6) gives a partial correlation coefficient 
of 0.78. However, the equation predicts near-zero beach volume changes, 
as indicated by the fact that the predictors have very small coefficients. 
This is shown clearly in a plot (Fig. 12) of observed versus predicted 
volume change for this transect. The dangers inherent in using the 
....... ···~.:-
·•.: 
.. ;)·. ··,." .. 
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Table 5.- Results of Screening Procedure Applied to Criterion 1 (Data From All Storm Types Lumped, Predictors 
Lagged to the Most Recent Storml• 
Tran- Predictor equation Partial cor.coef.~r2 Sample 
sect 1st X both X's size 
1 AQf = -4.14 +2.02 U(227)1 +0.02 U(228)1 .57 .70 16 
2 AQf = -3.99 -{)).83 V(235) 1 +0.65 U(227) 1 .49 .62 16 
3 AQf = -2.77 -0.00 V(263) 2 +0.74 V(265) 1 .68 .80 16 
* 
;;J' 
4 AQf = 1.20 -0.85 V(301) 1 +0.68 V(343) 1 .44 .58 18 
5 ~Qf = -2.17 -o.oo V(263) 2 -o.o7 U(263) 2 .58 .70 19 
6 AQf'~·-0.47 -0.20 V(343) 2 +0.47 V(265) 1 .39 .53 19 
7 AQ£ = -5.69 +1.83 U(343) 1 -0.03 U(229) 2 .60 • 76 18 \.tJ 
_. 
8 AQf = -6.61 -1.69 V(227) 1 +0.00 V(301) 2 .53 .69 1~ 
11 AQ£ = -460.87 -55.84 wv .89 9 
12 A Qf = -6.65 ~0.07 V(229)2 +1.45 V(342)1 .44 .64 16 
13 ~Qf = -7.90 -0.12 V(303) 2 +1.84 V(302) 1 .44 • 75 16 
14 A Qf = 6.21 -2:21 U(229) 1 +1.75 U(342) 2 .65 .• 78 15 
15 A Qf = 1.54 +o.o4 u(229) 2 -1.44 V(22S) 2 .59 .74 15 
16 A Qf = 11.60 +0.11 U(301) 2 +0.01 U(343) 2 • 70 .81 15 
* Note: Zero coefficients were the result of rounding. 
' . 
Table 6.- Results of Screening Procedure Applied to Criterion 2 (Data From All Storms Lumped, Predictors 
Lagged to the Most Intense Storm Conditions2. 
Tran- Predictor equation Partial cor.coef.(r) Sample 
sect 1st X both X's size 
1 AQf = -4.44 +2.45 U(303) 2 -2.37 V(342) 2 .45 .70 16 
2 AQ£ = -5.80 -1.03 V(265) 1 -0.00 U(265)z .53 .64 16 
3 .6. Qf = o.o6 +o.oo V(263) 2 +o.o7 V(265)z .67 .78 16 
4 I!:.Q£ = 2.22 -0.82 V(301)1 +0.58 V(303)1 .53 .68 18 
5 AQ£ = -2.22 -o.oo V(263) 2 +o.o6 u(263) 2 .58 .70 19 
6 I!:.Q£ = -1.60 +0.00 U(301) 2 +0.65 U(343) 1 .39 .54 19 
7 AQ£ = -6.34 -1.90 U(343) 1 -0.03 U(302) 2 .59 .76 18 
VJ 
!'\) 
8 AQf = -8.43 -1.57 V(227) 1 -0.01 U(264) 2 .56 .67 17 
11 AQf = -5.72 +0,70 V(303) 2 .56 9 
12 /!:.Qf = -3.65 -0.06 U(343) 2 +1.14 U(264) 1 .53 • 73 16 
13 A Q£ = 0.85 +1.90 U(265) 1 -0.04 V(302) 2 .46 .73 16 
14 AQ£ = -4.57 -0.14 U(343) 2 -0.01 V(264) 2 .63 .86 15 
15 L1 Qf = 2.61 -1.50 V(227) 1 +0.02 U(229) 2 .62 .74 15 
16 A Q£ = 7.27 +o.lo u(301) 2 +2.41 u(342) 2 • 75 .86 15 
Table 7.- Results of the Screening Procedure Applied to Criterion 3 (Only Data From Extratropical Cyclones 
Used in the Screening). 
Transect Predictor equation Par1:;_iau_ol:'_.,coef.(r)__ Sample size 
1 AQf = -23.79 -2.82 V(228) .69 12. 
2 AQf = -8.98 -1.16 V(265) .63 11 
3 .6.Qf = -5.57 -0.90 V(265) .52 12 
4 
.6.Qf = 0.66 -0.80.V(237) .57 11 
5 
.6.Qf = 5.60 -3.42 V(303) .54 11 
6 I AQf = 0.73 +0.00 U(265) .79 11 
7 AQr = 7.40 -0.75 V(301) .72 10 
8 .6.Qf = -13.51 +2.30 U(303) .72 10 
12 --- .6.Qr = 2.29 -0.01 V(342) .56 10 
13 ,6_Qf = 5.67 2.21 U(264) .82 10 
14 .6Qf = 8.84 -1.91 U(229) .66 10 
15 .6. Qf = 4.48 -0.12 V(229) .81 10 
16 ,6.Qf = -0.03 -0.20 V(302) .89 10 
•• 
\,.\) 
Vl 
I 
Table 8.- Results of the Screening Procedure Applied to Criterion 4 (Only Volume Changes of 7m3 or Greater, 
and Volume Changes Closely Associated With a Given Storm Were Used in the Screening). 
Tran- Predictor equation Partial cor.coef.(r) Sample 
sect 1st X both X's size 
1 AQc = -9.63 -3.65 U(227) .66 13 
4 AQf = 1.52 1.57 U(227) .59 9 
5 AQf.,= -9.33 -o.oo v(263) +2.21 V(342) .58 .72 15 
6 AQ£ = -6.09 -0.08 U(301) .70 9 
7 AQf = -4.15 1. 91 U(343) .70 12 
8 AQf = -7.15 -2.45 V(227) .64 12 
12 AQf = 9.69 -0.02 U(343) .90 8 
13 AQf = -670.42 -82.74 wv .95 10 
14 AQf = 9.46 -2.17 U(229) .70 10 
15 AQf = 8.33 -2.01 V(264) +0.23 V(302) .62 .77 14 
16 AQf = 1.15 4.02 U(342) .61 12 
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screening regression techniques are clear, and caution must be exercised 
in drawing conclusions from the results. 
Many of the predictor equations have large coefficients that give 
considerable weight to the predictors. The equation for transect 14, 
criterion 1 (Table 5) is a good example. The partial correlation 
coefficient for the regression is 0.78, identical to that of the previous 
example (transect 3, criterion 2), but the structure of the equation is in 
this case very different. A plot (Fig. 13) of predicted versus observed 
values of AQf for this example shows a definite trend. Table 9 gives the 
predicted and actual beach volume changes and the differences. For the 
storms tested, the predictor equation forecasted a AQf that was, in 56 
percent of the cases, within the expected deviation of ±7 cubic meters of 
the actual beach change. Only on two occasions, September 22, 1969, and 
June 14, 1970 (Table 9), were the predicted volume changes significantly 
misleading. The sign of A~ was successfully indicated in 69 percent of 
the cases. A linear correlation performed for the actual versus predicted 
volume changes gave a simple correlation coefficient of 0.77; a similar 
test of profile 3, criterion 2, yielded an ~value of -0.16. Testing the 
predictor equation of transect 14, criterion 1, with data for a storm not 
used in developing the equation yielded (Table 9) a deviation from the 
observed value of 25.57 cubic meters, but the prediction equation correctly 
indicated the direction of change in AQf • Inclusion of the independent 
stor.m (shown as a triangle on Fig. 13) reduces the linear correlation 
coefficient to 0.71. 
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Table .9.- Predicted* and Observed Beach Volume Changes and the 
Differences for Transect 14~ Criterion 1. 
Storm date Predicted Actual Difference 
mo/da/yr vo~. (m3) change vol. (m3) change (m3) 
8/21/69 -1.63 8.01 9.64 
9/22/69 20.67 -2.27 22.94 
10/14/69 14.05 12.73 1.32 
11/ 3/69 -28.74 -23.11 5.63 
12/18/69 26.00 42.42 16.41 
2/21/70 -13.66 -18.00 4.33 
3/ 7/70 5.37 -2.87 8.24 
3/10/70 -9.17 -2.33 6.84 
5/ 5/70 -4.75 -10.22 5.46 
6/ 9/70 12.75 12.06 0.69 
6/14/70 8.03 -11.00 19.03 
7/22/70 7.04 9.54 2.49 
8/12/70 14.58 36.33 21.74 
9/30/70 3.16 4.70 1.53 
10/17/70 -13.20 -15.45 2.24 
12/31/70** 30.50 4.93 25.57 
* 
Prediction Equation: ~Qf = 6.21 -2.21 U(229) 1 +1.75 V(342) 2 
** Independent data not used in developing prediction equation. 
·. 
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DISCUSSION 
Reliability of Predictor Equations 
There is no guarantee that a given predictor equation from Tables 
.5-6 will apply to storms of another time period, or that a stronger 
predictor equation could even be developed for the same transect for a 
different series of storms. But a predictor equation such as that for 
transect 14, criterion 1, is strong enough to warrant further 
investigation, because the predictors may be significant indices of 
synoptic-scale characteristics. Or.e must also consider the small number 
of cases used in developing the predictor equations. Spuriously high 
correlation coefficients often result from such tactics and the predictor 
equations appear misleadingly stror.g. 
Suggestions For Improvement of Equations 
Alteration of ~IT~C wind values.- The 1000-mb wind values were reduced 
by 86 percent and the direction was shifted 20 degrees toward low pressure 
to approximate surface winds. This procedure was based on a study 
conducted during a six-week period (Pore and Richardson, 1969) between 
October 22 and December 5, 1967. The 1000-mb wind analyses were 
compared to measured winds at ocean-station vessels. Some other 
transformation may be more representative of surface winds. 
Alteration of linear model.- The results of the ~odel as tested 
indicate that development of prediction equations to forecast sand volume 
changes may be possible at some beach sites, but for other beach sites the 
simplified approach used here is inadequate. The screening procedure used 
assumes a linear relationship between dependent and independent variables. 
Tbis may be imperfect; other relationships should be tested. 
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Inclusion of additional related predictors.- Mention was made in the 
section covering the use of the change in ocean SWL variable that a better 
characterization of SWL might greatly improve the prediction of AQf • 
It is believed that a measure of the SWL that combined both the magnitude 
of elevation (or depression) relative to a starting level and the duration 
of that SWL excursion would be of greater value than the measures of SWL 
change that have been employed to date. Both the present and projected 
SWL variables should be screened concurrently in order to assess the 
importance of the new values. 
Another variable that should be considered relates to the quantity of 
sand in a control volume at the time of onset of storm conditions. Such a 
variable reflects the amount of sand available for deformation and the 
degree to which the beach configuration already matches equilibrium with 
storm-wave and storm-surge conditions. 
For a large-sand-prism summer beach one would expect a much greater 
sand loss after an eroding storm condition than from a small-sand-prism 
winter beach. Indeed, many of the beaches studied could be sufficiently 
depleted of sand so as to expose an underlying stratum of clay or peat 
and record no noticeable change, even with very high wave-energy input. 
(All clay and peat layers encountered in this study are shown on the 
profile envelopes of Appendix D). 
To evaluate the importance of the quantity of sand in the beach prism, 
the amount was defined as the area (as seen in cross-section) between a 
beach profile and an arbitrary base line. This initial quantity of sand, 
QI' in the control volume (dimensions 13) was correlated with the ensuing 
storm-induced volume change A~, or, 
(7) 
' . 
. · 
!jffl 
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Linear regression equations were obtained for each of the 16 beach 
transects, but correlation coefficients were obtained also for logarithmic 
and semi-logarithmic relationships. (Table 10 shows both the linear 
correlation coefficient (r) and the highest correlation coefficient 
obtained for each transect). Strong correlations between 1:1~ and QI 
were not obtained for every transect (Table 1~, but it is significant that 
the regression equations for all 16 transects exhibited negative regression 
coefficients. 
The regression for beach transect Number 1, A~sateague Island (Fig. 2), 
is shown graphically in Figure 14. It is interesting that if the beach 
has a low QI' it tends to be built up by storm conditions. In this 
particular example, the beach aJ.ways built ( + A~) if the initial sand 
volume dropped below· about 1,300 zn3 (a figure based on the arbitrary 
control volume set up for this transect). Some of the accretions were 
recorded for short time intervals, leaving little doubt that + AQf was 
related to the storm conditions. The most dramatic increase in sand 
volume~for transect 1 for the low QI condition, was a +34-m3 change 
(denoted by the triangle on Fig. 14), recorded between September 30 and 
October 20, 1970. Other transects showed beach sand accretion of 20-70 zn3 
when profilings were taken immediately before and after storm conditions 
and QI was relatively low. 
Lack Of Seasonal Trends In Erosion And Accretion 
Appendix E contains graphs showing the variation in AQf and QI for 
each transect as a function of time. Although there is some evidence that 
the greatest changes in /1~ and QI take place in the autumn, there are 
so mq.ny exceptions that it seems clear that for the Virginia coast as a 
whole - there are no clear seasonal trends in cut and fill. Thus, one 
Table lO.-Results of Resression of Eguation 7. 
Tran- Linear Highest cor. % SS explained Linear Sample Range of flQf Profile 
sect cor.coef. coef.& type by Qr regr. coef. size (vol.change) length 
(r) (R2 X 100) (slope) (m3) (m) 
1 -0.69 -0.74 semi-log 55 -0.79 33 80 70 
2 -0.68 -0.71 semi-log 50 -0.79 30 45 60 
3 -0.40 -0.40 linear 16 -0.33 30 61 50 
4 -0.42 -0.42 linear 18 -0.45 35 44 60 
! 
5 -0~37 -0.39 semi-log 15 -0.42 45 120 60 
6 -0.35 -0.35 linear 12 -0.49 55 52 50 
7 -0.45 -0.45 linear 20 -0.38 42 83 70 ::-1\) 
8 -0.48 -0.49 log-log 24 -0.36 44 102 70 
9 -0.28 -0.28 linear 8 -0.20 12 122 70 
10 -0.65 -0.65 linear 42 -1.13 7 63 70 
11 -0.80 -0.80 linear 64 -1.14 14 33 40 
12 -0.51 -0.51 linear 26 -0.50 33 70 50 
13 -0.57 -0.60 semi-log 36 -0.63 30 50 65 
14 -0.70 -0.70 linear 49 -0.97 28 42 65 
15 -0.72 -0.72 linear 52 -0.93 31 49 65 
16 -0.70 -0.70 linear 52 -0.99 28 52 65 
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cannot expect to find a relatively full sand prism at summer's end and one 
could not, therefore, even think of such a simple forecast as one which 
could specify beach erosion by "the first northeaster of the autumn season." 
Importance of High SWL Storms 
Although stor.m intensity is not necessarily correlated· with peak 
stor.m surge (Fig. 11), the storms that cause the greatest surge are 
usually strong cyclonic disturbances that produce steep, locally-generated 
waves. If the storm surge and astronomical tide together produce a high 
ocean SWL; the wave energy associated with the breaker zone is translated 
far up the beach and may reach the dune line. Such stor.m conditions 
invariably result in a negative t~&f at all transects, even though the 
initial quantity of sand in the beach control volume, QI' may be relatively 
small. (A good example of this was the March 26-27, 1971, storm; see 
Appendices C and E ) • The importance of such a relationship to forecasting 
AQf is clear. The critical ocean SWL above which significant erosion of 
the backshore will take place must be specified and properly accounted for 
in any prediction scheme. 
CONCLUSIONS AND RECOMMENDATIONS 
A procedure has been proposed for developing and testing empirical 
equations for the prediction of changes in the quantity of sand on 
Virginia's ocean beaches. None of the predictor equations developed to 
date is sufficiently reliable to be used in a beach-change forecast 
system. Insights gained in this research effort, however, suggest 
specific steps that must be taken for further development, alteration, and 
testing of the method advanced herein. Specific recommendations are: 
·. 
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1) Lengthening of time series: 
The number of values of f:l.Qf and Q must be significantly 
increased before confidence can be place~ in the statistical 
measures of c·orrelation between process and response components 
of the model. It is suggested that only transects 6, 12, and 
14 be monitored repeatedly because these are located on stretches 
of the coast that are relatively uncomplicated by offshore shoals, 
headlands, and so on. 
2) More detailed examination of the ocean,SWL-AQf relationship: 
As indicated by Figure 10 and as mentioned in the 
discussion above, the effect of fluctuations in oceanic SWL is of 
prime importance to variations iri ll.Qf• The relationship should 
be fUrther documented and worked into the prediction equations. 
3) Improvement in prediction of storm-surge: 
Because of the importance attached to the effect.of ocean 
SWL on beach changes it becomes extremely important to predict 
as accurately, and relatively far in advance, the stor.m surge that 
will be associated with a given extratropical cyclone, hurricane, 
or dry northeaster. 
4). Inclusion of additional related predictors and possible modification 
of existing ones: 
A measure of the quantity of sand existing in the beach 
prism prior to the onset of stor.m conditions (QI) should be 
included as one of the Xi in the prediction model. Modification 
of the method for computing U,V wind components at NMC grid 
points may be desirable, as w·ell as changing the method of 
representing highest ocean SWL by relating SWL to the time 
over which it acts. 
Finally, it would seem advisable to use such terms as "slight, 11 
''moderate, 11 or 11severe 11 when forecasting the extent of beach erosion for 
the entire coast of Virginia. When the initial sand prism ( QI) is small, 
' 
and a significant stor.m surge is not anticipated it would probably be 
best not to forecast any type of beach change inasmuch as beach accretion 
would probably be indicated. 
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APPENDIX A 
LOCATIONS OF THE BEACH-PROFILING TRANSECTS 
SHO"VJN ON U. S. G. S. TOPOGRAPHIC QUADRANGLES AND THE 
OFFSHORE TOPOGRAPHY AS SHOWN ON NATIONAL OCEAN SURVEY CHARTS 
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APPENDIX B 
FORTRAN IV LISTING OF IBM 1130 COMPUTER 
PROORAM FOR BEACH PROFILE AND FORESHORE 
VOL~~ CHANGE COMPUTATIONS 
• 
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C Bl ANI< C ARC BRANChELic_x_,_y__PR..l.N..L..S.ECTlON__________ -------------
__ _..I...._F__{ P.RCF } ___ LL6, .1.31, .. 1003 -----------····----------·--·-·---------------· -------------····----------------·--·-----
C DO LOOP COMPUTES AREA CF SAND UNDER THE PROFILE (MAXIMUM 50 PROFILES) 
1003 DO l~R K=l.SO 
·, 
108 RRCLN=Q ... Q _______ ------------------···-----------·-- ----------------· .................... ---------------------· ________ .. _______ ............... ______ _ 
_____ QQ _100 ... J=2.,..90' 8--------------- --------------------- ------····-----------------------·----- .......... ---- ... -----
( R EAO.S ... Ct\E .. PROEL.lE,_ __ ggg __ AS-R.A.I.CUS .. .s.JGNALS ... lHL ENO. ... OE.-T.HE-PROElLE--------
___ _.,_a = J + 1 ------------------------------------·- _______ --------------------------------- _________ _ 
----READ (2 ,300l!.PHI t.L l, R(.U ,L=J, J 8 ) .. ,.SLOC, LDA!E. ---------~---- --------------------------
_ _....3.v-OO--FORi".AT t 8.(E5....1,.F.3.2 l ,.!tX, A.4.,.4.12 L---------·-·--· -----·---------------· ---------
_c_cH.ECKS. SECUENCE OF... ... CARCS _ ANC .. CCMPARES .. OA T ES AND .. LOCATIONS------------------
-----'--L CRLOC:-SLCC.L .. l.01,525., .. l0 L----------------------------------------------------
525 DO 12 ... 1=1,4 .......... ____________ ----
_____ IF __ ( ISAV U L::JCAT£( I l L.109, 12, 109 ___ ~---------------------------------·---···----
_ _.l ..... O,...l IE (I CATE CL1~9SJ_-ll6 ,.991,~ 16---------·-------------------------------------·---------------
_ ___._J ...._1 tL ... W RITE l1, 3 04 }. _________________ .:_ _______________________________________________ _ 
__ 3u.~O~-FORPATt .! .. S EQUEI\CE .... ERROR ,_ __ OR __ DAIES._NQ.T _EQUAL, CHECK. ... JHE .. DECK'- L ----------
----<P.AU S E ------ --------------------·------ --------------------------------------------
___ G,O __ T.C.. ... lO S___________ --·--------------------------
---1.09-.. lF ... (I CATE L4J.~LL-LC1, 12-., .. LOL .. _______________________ _ 
_ ___.,l--L2-1.S A V ( !.) = I OAT E.(! L---------------------------------------------------------
___ _._$AV .. ( 4)::: lUA.LE ( 4.L .. +.1---------------------------------_:_ ______________________ _ 
C CHANGES. At\GL L F.RCfV- P.DS.LLLVE .. .DCWN .. -10 .. POSITIVE. UP, . .SETS ... RAOI U$ __ READ_AS - .... 
c 7 E R 0 -T 0 . 1 • 5. HM E TER $________ ----·----- ---- ------------------------------------- ... ·-
___ _....DO .... 10 0 .... I :::J ,J a_____ -------
___ _._PHI (I L=.~PH~LLL______ ---------------------------------- _____ _ 
___ _._F_ ( R ( U} 121, . .122 .. ,127 . ...: __________________________________________________________________ __ 
1 2 2 R ( U = 1.. 5 G ----------- ----------
_ _._1 ...... 21-~ F . l R (I L-: 1. 60 l .. 10C, 100, 15 L--------------------------------------------~------- ............. . 
_ __...l,...JS .. l_I F: ..( R UJ -::9 ... 99) .. 152, 102_, 152--------------------------~----------------------------· ___ _ 
1 52 WRIT E.. .. ( 1.,.15 3.L.ICAJ L----------------------------------------------------
_ _.1~5 ...... 3 _ F 0 R f'J A L .L!.. ... B.A.SL.LEN G..Tf:L.G REAIER_IHAN __ .1. 5 ~.,31 2, 3 X, I 2. L ___ -----------· ------
__ _.PAUSE ---- ---------------------------- ----------------·------------------ __ .. -. 
___ GQ.IC..lOO.l____ ---------- ___ _ 
_ _.1.....,0 0 ___ p R C L N = P R 0 LN + RLLL_____ ------------------_______ -------------·- __________ ............ . 
_c_c.oMPUT ES X, Y .COORC I NAIE.S.. ___________________________________________________________ . ______ _ 
1 0 2_1 t{NG S .. = .. I:-::2..__. ---------- ____________ _ 
___ ....,ENG ____ I RNGS &1___ -------------· ·---------- ___ _ 
___ ---J,Y.i.U =~PhLU.L*-·-OL ----------------- - ------ i 
---~XU)=O.O .... ___ ~ 
D Q ... 1 0 3 .... L-2, J EI\D. ___ -------------·---------------------------------- ---·- ----- --- ,l _ 
___ RADIN=Ph1.CU*.2.0*PIE/36C.__ __________________________________________________________ ........ 
___ -A-xU l=.-X.Ll~.1J __ :tRLIJ *CDSLRAD.lN L --------
_ __..1 .... 0.3-Y( I ) = Y U -:_1) ____ + RUJ *SIN LRAD I.N L ... -------------------------------·- _____ -- .. --- _ - _ .. ---- ... _ .. 
___ WRI TE. ... (l' N1J _ X..,RLCC ,_u DA.J.E.U Ld.=..L, 3 ),Y U l, X .. CJEND) ,I RNGS, PROLN ____ __ 
___ WR1 I E-l 1 'N.Ll y___ ·-------------- ----·-
___ AREA ( K) =0--------· ---------------------------- .. ---------·---------------------------------· 
C IF BASE .. LENGTH .... JS ... GREATER .. IHAN .. PROFILE.LENGTH, PROFLIE..IS ... CHOPPED .... TC. 
_.c,__p_ao..F .. l LE L ENG.TH ... OES..I.REC •---~F ... BASL.LENGTH SHORTER_ PROEI LL J S .. EX TENDED ... CN ___ _ 
. __c BASIS .. CF .l-AST T..HREE.._ANGLES ... GF ... PROFILE, .IF PROFILE .... !$ .. EXTENDED NEX iS SET. 
_c_ALL.ANt.; __ .... !EX.IN_!.._l.S ... RR INIED_ON .... ALL.OUIPu T .... US lNG _THE.. EXTEND EO_ PROFILE 
< -
B3 
__ ....._t.._E_._.( X ..LJ EN 0 L- P R C E l.210, 23l, 211 _____ : _____ .. _____ ........ ___________ ------------- ...... __ .. -----·------·· ______ _ 
~P.Hl= (PHI LlRl\GS.Lt.PHLU.RNGS:-:.lltPHL( 1RNGS+1JJJ3.._ ______________________________ _ 
NEXP(K) =2 
. IF (AVPHil 42;42,41 
41 WRLTE-C 5, 44 L .CLC.A.T E (I ).,_I =1.,3-L.----·----------------- --------··--···-- --------- ---. __ 
-4-4-f..ORMA T C ' AREA Qf-__ ,_, L2 , .. • .. /_!_, I.2.,.!./...! .. ,_L2, .1 ...... WAS .. COMPUTE O ... ON- THE .. BAS IS. 0 
lF A NEGATIVE. AN.GLE..!-l------------------------------------·--·---------------
42 I ;;.J.RNGS + 2 - .... ---- -·· .. ----------·----------- __________ _ 
---AX+(~I ).=PRCF --------------------- ----------------------------·----------------
----"Ri.4'A'-'-C._.lN=.AV P 1-U *·E IE./3 6 0 ._ -------·------·-------·-----
___ Gu.O~TC-2 0 5. -- --·------- ------------- ______ -------------- _____ ·------ _________________ _ 
2 31 NEXP (K.) - = L. -- ---·---·----·------------ ··- ----------------------------------- ··------- -----··-
___ _...Du..0'--.£-2 0 2- I= 2 , J Ef\[L__ -----------------------------------
___ _.,I_._E_._(..X ll) .-:-PROF L .. 2.02 ,203.,.2.04 _____________________ -q·-·------------------------------ ____ _ 
__2..02-C.ONI.l NU E. ...... _ ------- -------------------------·--·---------- ______ _ 
__2.QA__}U_U.=.PRQF._______________ ----- ----------·--------
___ RAD1.N= .. Phl ( U *P.l.E/3.60 ··--·- _______ --------------------------·-------- __ _ 
2 0 5.--RAD2= .. LX ( I l -X U ~-1 U I J C C S { R A.C lN U ------·-------------------------------------
___ _.v'-'(_.I.JL=RAC2>:<S IN ( RAD INJ :+-Y .. U-:::l.L .. --------------------- -------·--·--··---
..f._AREA_c.Ctt:P UTE 0 AS ... .ll:l E....S W·L.O F __ s_ L C C E S.SlV E __ TRAP A ZD IDS ------------- ·---·-- -·--------------
_..~:.2...u03-DO _2QL J 2 , I --- --------·---------------- ______________________ --------------- ---------------- ___ .. __ 
_ ..~:.2.-uO.L_AREAC K l =AREACKJ:t .. LXl.J.l..=.X..LJ:::.lJJ .. *-.LYLJ) t.Y( J~..l.J t 20.0 L .... .:.:O .5.------·---···---···----
____LQOLD Q _13 8 I = 1., 3 ........ --·-------------------------------------------. __ ·----- ........................ ... 
_ __.1_,31LJ.DA 12 (I, K) =I C ATLU L --------·----·---------------·--·--·-·---------------·------·-··-------------------------
_c_s.ECilDN..LC t~ P U T.ES ... A NC __ P.JUN..I.S .. ...B.EACH __ S Mill .. - \lO L U ME ... CHANGES_ ---------------------
9 91 CALL .... .C A f S W .. U ,_J SW ... J ------------------------------------- ----------------· 
___ _.u.G...._O IJJ_UH3 d.l2J_,_lSW..... -----------------
9 1 2 N.Ufo/.=K.::: 1.-------------------------------------------·----------·--
_--L-2 ...... 1 Q__WfUJE..L5, 314J RLOC,_P..ROF _________________________________________________________________ .. _____ _ 
_ __.3 ..... 1~4_EORMA.TU!. OCQrt,PUTEC._BEACI::-.... VC LUME .... CHANGE PROFILE _!_, __ A4/_' .. VOLUtJ. E .. COMP _ 
___ ..... l~ll ...... I_._E_...C ___ CN___.II:-: L .. B.A S.LS._G.E_A __ !_,_fit .... O ,_!_MEIER .. P ROFlLE... LEN GJ.H.'-./ !._VOL U ~ E_ C HA. _ 
___ .....,2 NG.ELS c; ____ M l · -------D ATL.LMCLD.A Y. LYRJ __ S.lN C E _ DATE _(.M 0/0 AYJY R .!.. .. ) -------------
___ __ucO.u-0~2 0.0. K = 2., N Ut'c __ _ 
139 VOL=AREA (Kl-AREA.CK.-.-"-'--1 ~l ------· 
____ .F-l.NEXP ( K) +NEXE..tK:::..l..L-:::2.L-2CB..,208 .. ,209 ________________________ , __ _ 
--2 Q.B __ NEX:::;.L __ .. ___ -·--·------------------------
___ _...,G,_._Q.__._I_._C'---L.-2 0 7_ ------------------
__ 2.._Q,9 .... N£X::::.2..- ···----------- ----------------------------------··· -----------
-~2-0L..WRli£ _ _( 2 'N2.L.VOL,RLQC ______ ,_.ll0AT2 ( L, K) ;I.::.L, 3 L, UOAT2 U, K-::.lJ , ______ __ 
___ _,l...._.I~ti.,3J ,.N Ex_, P..RC..E ---·---··------------------------------
200 WRli E._ (.5, 315.LVCL, LIDA.I2U.,KJ. J.=l, 3 ), EXT ( NEXJ ______ ------------------------
315 EO!U'~L-(L __ ,_,_E.8 .2.,.4.X ,_12_, __ !./....!..,12.,!../_1 , !2, 4X,A4 L--------------·---------·-----
___ --~,;~GcUO---LI~C-1.3 6----- . -------·-··---------------------------
_c,_pR!NI.S-X.,Y .. COCRD I NATES .... lE.:.S.W.I TCH ... 2... ... 0FE .... _. ___ ---·-·-· ----·----· ·----------- -·-·--·-------------
131 CALL-.C.A f S W ___ ( 2 ,.IS WJ. -----------------·--------- __ -··------ _ -·--------------. .. ..... -- ...... ______ _ 
___ ..,...uG~o---~-r-'-c-4-c. :1.1 o.,A5 .. LL,..LS w __ · .. _ ------------
... 
~ _!t.SJ._.NU~=J.N.l=-lJ/.2___ ______ -c----- ·--·····-------~---- -·-------- --------------------.-----------------
~--~Nl~L---------------------------------­
----~O,Q_lg_~El~~------------------------
199 IR LU =1... --------------------·-------
___ _.,.00-1 .. 0 05_J 2.=~, f\.UM.. ________ --------------- --·--------------
__ _,R£AC.LU.NU x_, RLOC.,UDAJ.ELLL, . l =1 ,.3J.,REFHT ,BSLEN,IRNGS ,PROLN ______ _ 
____ REAC._U ! .. NlJ --····-------·- ------·------------
WRITE(5,30ll RLOC ,(IOATE(I),I=l,3l 
301 FOR~AT('OCOORCINATES FOR PROFILE STATION 1 ,A4, 1 CATE '12, 1 / 1 ,12, 1 / 
____ ....,.)_.-t--1- ------·--------·--· -----~-----·--- -----
___ __._L.-: ------·-.. ·--·------·--·----------------------------
---~' ..... EN.C .. =-LIJUJ.G.S/.4.J~ -------------------------
-----1-J.O 0-1. 0 6. __J__2_,..J EN D., .4 __ ------------------------------------ .. -----------
---¥L=..J.+ .. L ....... --· ------------- ···-----------·-··---------·-- ------------
106 WJUJ_£____1_5..,302) ( l R (I ) , X ( I ) , Y (I ) , I ...:,_J_, JL ). ·- ---------------·---------------
3 0 2 ECRM A T.L! __ ,_,__ 4 ( 'C ' , I 2 ~;:_!_,_.E5 .. 2, ' , '-; F 6. 2 ,_2 X lL ...... ------- --- .. ----------------
---~- IRN.GS=-J.END.± --------------------------
__ _......1 ..... E.LLl 160 .. , 1 60 ,..16 -----------------·-----------------
___1..6_.4-J L;;::.J_i:..L=..l - -------·-··--------·-------·--------------
__ _._.G OJ.C .. .J..l..6l,....L6 2..,.L63J , -----------· -----------------~--- __ __ 
1 61 WlUT £_.J..5.,3.6li...U.H C I l, X ( I l, Y ( I l, I -:-:..J..,_JLl. ··-----·------·-----------------------
361 EORt'..AJ.. (. c I' I 2 t.-~ ... .2 ,_.' ._, F6. 2 ,zx) ---------------------·-----~·-·-. 
__ _.....GO.J .. C__l60 ____________ · _· _____ .. _____________________________ _ 
_1.62-WlU.IE r 5 ,3.62 l ( I R..UJ-t-X...LLLt-Y tIl, I=.J..,JLL ·-·---------------------------
__3_.62-F..O~.L(' '' 2 ( I c I t-l..Lt- '-I' E5_.2, '' '' F6. z, 2XJ L_ -------------- ·--··-----
___ ....,GO TO l6Q__ --·- ---------------------
1 6 3. WRLILL5..,.3.63.lliRUJ...,J< ( I l t Y ( I l , I- J_,_J L) .. ------·-··- -----·-----------------------
__3..63_EGRMAI.1_!_ _ _!__, __ __3 l 'C' J2..., '=' , E 5 .• 2, ' , '_, F 6. 2, 2X) L .. --.. -----·------------
__l..60 .... WRIJ.E.. _ _L5_,303l.REF.I::l.L, e.R.GLN, 8..S LEN __ ._______ ........................ _____________ ...... ----------·----- ______ .. . 
3 a 3 E QRtJ,A r_e__p_R O.El..LE._l_S___!__,_E5. .. .2...,_1 _CttS_A B C V E .Z E R 0 _ ..REFERENCE '- ------·----
--~1 1,___• _.~RC£1LE-.lS • ,E7.2, 'MEIERs LON.G .. !J..' ... X-:-AXLs ... rs __ !_,F6.z, ______________ _ 
----'-2 •.J.ET.ERS __ LON • ·--------- ____ ---------- ----------------·--------
_l.0115 .. _C ONJ ... U.:U E. ___ ,_ __ ·---------------- -----------------
,C__SECT 1 CN PUNCHs_x_,y __ CCORD.l.NA .. TE S _____________ ----------------- .......... ______________ ... 
11 0 ..LALL ....CA 15 W .. _tQ,_LSWl ----------------------- ----· --· ----·-·--· _ ............ 
___ G.O_T.C..._l9l.L,_9l0 l , I S.W ----------------------------·--------
__9.l.O_WRIJ£_U, 5~1 L.. _____________ -----------·-·-------·--·--------
51 1 ECR.HAL_L! . L.GA~L.COOR.D..JNAIE.....C.ARD_S , __ H IT __ SJAR L! }_ ___________ -----------· 
-----'P ...... ALLS E._._ ---------------· 
___ ....,N ..... LJt' . ..=....J N.L::l.J ------------------------------
___ ...Nl:::.l --------------------·---------·-----
____ ...... DO~..ll.L K=l, NUf-1 ...... ·------·-----.. --- -------·-· ---------------
__ _.REAO_(.L'Nl) x, RLOC._LIOATEJ .. IJ .. J.==.J.....3), REFHT.t BSLEN dRNGS, PROLN ______ _ 
__ _.REAC. .. _.LL! .. N 1.1 Y .. _____ ---------- ----------- ___ ----·-------------
_ll.4........R£AJ]_ (2..,3..10 .. LCJ:-i E K ___ ·-----· ·-----------·--· ... ___ ----------.. -----·-
___3lO_E.GRNAT 120A4J ________ ..................... ______ ------· ... ----·-···--- ... .. 
_____ .... DO . ...ll.2 .. _l ;:::..1..,..2 0 ----· .. ··--------------------------- _________ _ 
____ _..l_._F__..L.C.hEK.l I l -BI A.NK l 1 1 3, 1 1 2, 1 1 3 _ ---·-----
__ ...a.l_..l...J3 .. WRJT E .. -l~ ,.3llJ_________ --------------------------------------
___ 3 ...... 1..._1 .......... F..ORMAI_(_t_N.Q_B_LANK_C..A.RO I ) ··-·------------------------
_____ _.P..AU..SE --------- ----------
__ ....... ] ....... 1-2 CONTI.NUE ---------·- ___ , ____ .. __ ........ ___________ .. _________ .... _. ______ _ 
____ WR1TE .... .l2,312....L.1RNG..S, BSLEN .. ,PROLN, REFHT, RLCC, (I DATE.CJJ, 1.:::.1, 3.L .. 
__ ..:;w.-L-..J-E_._.ORl'.A.L.ll2..,_3X...t-3l.F .. 6.....2..., 3X 1, 32 X ,__!_.eRQ __ ! __ , A4 ,.31.2..,_1_L.!J __________ _ 
__ _........_.,,....,= ( IRN GS /5..1 * 5 +-L-------------------·--·-------------·-·-·-----------------
___ __._..<J,A T E l4} =2 ... ----------------'-·--·----·-------------------- ___________________ _ 
_____ n~o~J~J~s~~~~o~,~s~----------------
----------
.J.L= .. J+4 ..... ---------------------------------· ---------------------·- _____ _ 
950 READ (2,310) CHEK 
00 951.1=1,20 
' 
' 
__ J F-LCHEJ<.Lll~-B.LANKl-.956.,.555.,_95&. ______ ---------~- -------------------------- • ____ --- ______ ----
---+9 ...... 5 2-W RITE- Ll, 3l .. U --~---- --------------------------------------
;__ ___ _(;Q ____ {Q_9 50 ------ - ----------------------- -------------------
--951-CON.T-INU£. -----------------------------------------------
_____ WRl.I£ __ (2.~313 ) ..... UlLl_)_,_Y..LLl-.,.L=_J_.__JU_,_RLOC, IDATE----------------------
__ _...}_,.._15-1 OAT E (.lt.L= LCAJ-El4.) +.1-- ------------------·---·--·----------.. -----------------.. --·------ -----·-------
____ ....,_L;::J:t-4___ ---------------------------- ______ , _______________ _ 
----....L-E--LlRNGS.~JENC.:t:J ) 1 1 Lt-l.llt-L72-_______________________________________ _ 
___ L72 _ _J£N C =1 R N G S + 2 ----------------------------------------------- .. ----------------
____ _j)Q __ 2.ll . .l::: J E NC. ,J ----------------------- __________ _ 
____ _x__(_J_)_:;:_Q. ()__ ----------------------------------------- -------
_ _2_L3__ __ y_{l L= o .n _ _______ _ ___________________________ .. --------
__ __,_9~5 ~L..REAC __ l2__,_3l OJ __ CJiEK ---------------
-----'-'D--9 55.~::~ ,2.0 -----------
LF __ lCHEKlll=-BLANKJ ____ 952..,_95.L,.95 2_ ___________________ .. _______________ ------ .... 
__ ..:J.9-.J-5 6_. WRLTE_J_L,3LU ---------------------------------------
-----"P._,AlJSE ------ -----
----· .GO .. TQ __ 95.4 -------------------------------
__ ..J-955_CONI1NUE__ -----------------------------------
____ WRLILl2.,3 L3.L_lllLL,_Y_UJ_,___L:;::_J_,_J L1, RLO.C.d DATE_______ _ _ _ 
__ _.3'-Aol.3J.URMAT_L~ .. L2£6.2._LXl.._Z.E..6 • .2, .' PRO __ !..,_A_4_,_4I2) --------------------------
__ _l_lL_C ON I I NUE. ____ ------------·--------·------------------
___c__s_EJ:I~ON_PlJNCHES__V.CLUME.._CHAN.GES_ON_.CARDS ___________________________ _ 
__ __g Ll_C ALL .. D AT S W_L4., .I S W L ___ --------------- ----· ___ ---·-- ---------- ---·---· ___ __ ___ ... __ _ 
----~D.-TQ __ L9l3 .. ,.l6.6.LdSw_ _________________________________________________________________________________________ _ 
__ ..-1 66_. NU ~ = NZ:-_L ------------
____ WRLT E.( 1.,_3201 ..... --. ----------------------------·-------·------------------- _ -------·------- ...... 
__ 3 zo_F QRM A I ___ L!..ELALLBLANK __ CARD.$_ .. £0 R __ v_o LUME_C HANG E __ IN __ THE __ HC P PER ,_ HI .T _ _ _ _ 
___ _lS.IA Rl!J_ ------------------------·-·-----------
______ PALS E_ ___ . ----- -------------------------------------- ____________ .... 
NZ:::; 1. . ___________ ---------------------------- ______ _ 
___ JlQ_4 CQ __ K=-.1, NU~----- ·-·-------------- ---------------------------·--·---------
___ READ __ .J2.!.N2J __ VOL,RLOC _______ dJ DAT2! I ,_U_,J:::l ,3_L, (I DAT2.U, 2), ______ __ 
___ .__ll~l , 3...L,.N Ex__, PR_ ____ . --------------------------------
---~.0 {±_READ ... -l2.,3l.QJ_£HEK___ ------- ----------------
___ __oo_ ___ lt03 __ L:::1,20 ________ _________ ------------------
_____ _IE_LCHEKLIJ.:-BLANKJ_AQ1.,.403,AQL_________ ------------·--
----~Ol-NDK~Z---------------------
_____ Go _ _r o ___ ll3____ -----·-----· 
--~403-CONT.LNU L -------------------------------------- ____ _ 
-----=-40 Q_..WRLT Ll2.,.3..1Ll_VQL,___LLDA.12ll,_U_,l_:::1_,.3__L,__P R.,EXICNEXL, RLOC__ _,_U 0 __ 
.. .lAT2U.,2l ,_L:::;L,3J __________________ . _________________________________ ·-------- ____________ _ 
___ 3L7-FORMAT ___ lf.8 .2, 4X ,312,_4X.,_~_PRO .... LN .. _!_,f5. 2 7 A4, 1X, .... A4 ,_4X, _I_CCMPUTED _ F RCM __ 
___ __.~!. , .12 •--'-L! .. _,_Lz_,_ !J ... ! __ , .12.L_____ _ ____ ----------·. -------------- --------
__(.__lF-SW LTCH_5_QN .... CALLS.-EXL'L,_LL.SWLTCH __ 5 .. 0FF . .BRANCHES _JO _BEG INN! NG ___ _ 
---1 OQl_WK.ITE.._tl ,_319J__________ ------------------ ___________________________ -------·-----. ___ _ 
----3.L<·LEDRt-'.A.L __ ( __ ,_LOAC _N_E.X_LJ)_AJ.A._.£ET' .L!...I E_ALL_DATA .. IN __ Hl L .. Sh LTC. __ 
____ _l.H__5, __ h.LL.S T.ARL'J___ --------------------------------------------·-
PAUSE 
CALL CATSW (5,ISW) 
____ ...,o._T_Q_t51 o ,_g 13J_, r.sw___ -------------- ______________________________ .. ____ _ 
L L-EXLL -~----------------------------
___ -DJc__________ ------·--·-----·-------------------------------··-- ·--------------
-'-1--X EO--------------------------------------·------·--·--------------·--------·------------ ..... ------- --- .. --- ---- --- ---· ------- _ ..... 
.. 
...... , ... 
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APPENDIX C 
BEACH VOLUME- CHANGES AT THE 16 TRANSECTS OF 
FIGURE 2, TH'JES OF MAXIMUM WAVE HEIGHT AT 
CHESAPEAKE LIGHT TOWER, HIGHEST OCEAN STILL-
WATER LEVELS, AND STORN-SURGE COf/JPONENTS AT 
THE VIRGINIA BEACH TIDE GAGE • 
tight '.!:ower, lllghest Ocean SLill-'rlal.er :Levels, lllnl Slol1ll-Surge C01upouents o.t the Vilgillla hach 
Tide Gage. ~ 
\ 
• 
· --------------..--.----- . Major storme r-i-ng-p~"illitn-;: 
I:<"c Beach vollme changes and elapsed time (~f/~t), by transects, in cubic meters/days T:.r.1e of :·lie.<! Hi~h;st i te 1 (N t . 11 t , 1 -:. ~ .... 0 :..... c:· . n rva o en ry 1n' ca es : 
·I pr<:':o:~le ttaxi. .. um '1-:GVe ca, ...... only weak storm effects,profil-
:: ta:-en "~-:aves ht. _
1 
5~~.:~::- ing taken periodically during 
:1 • . ·-61• 5 ~-.s~ such intervals to update data). 
1 ;;a::-.:lv.: l 2 3 4 5 6 7 8 S· 10 11 12 13 14 15 16.danovr/hrs m n) (m~ 
~1 At:G 69 -13/29 +28/28 - 8/28 + 7/28 +11/19 + 2/19 + 8/19 +15/19 + 2/19 21 AUG 69/06 2,5 1.1/0.3 Extratropica1 cyclone 
(21 & 22 Aug. 69) 
~2 At;G 69 -44/35 ·32/35 
2 SEP 69 ·23/35 .. 
8 SEP 69 + 4/18 • 6/1.8 - J/18 +34/18 -11/18 9 SEP 69/06
1 
2.5' 0.8/0.3 Hurricane" Gerda, wind waves 
· reached 2.5 m.-at time of 
5 10 SEP 69 + 7/19 + 4/20 ·24/2( -13/20 •24/20 evacuation of Chesapeake 5' 
' · . Light Tower (Sept.9, 00 hrs.) 
11 SEP 69 +10/20 +17/20 _. 
J 
12 SEP. 69 + 6/10 
22 SEP 69 -0.3/1 - 3/12 ·19/2 - 5/14 +15/14 - 2/14 ·20/14 +15/1~ 22 SEP 69/00 3.5 1.2/0.5 Dry northeaster (Sept. 19 to 23) 
·s 
10 
11 
1:: 
13 
14 
15 
16 
waves 2 to 3,5 m. high. 
23 SEP 69 +19/1 +'3/13 + 9/13 
2~ SEP 69 + 6/12 
25 SEP 69 -13/15 
6 OCT 69 -46/13 -10/13 -28/13 -52/26 6 OCT 69/00 4.0 1.0/0.2 Dry northeaster, irregular 
storm surge (Oct, 4,5 and 6) 
8 OCT 69 12/16 • 
14 OCT 69 -11/33 -16/22 -12/6 - 1/8 -0.4/8 + 3/8 -.04/8 
1 
+16/22 + 5/22 +35/22 +13/22 -10/22 -11/22 13 OCT 69/00 2,5 1.0/0.4 t:xt~atropica1 cyclone passed 
thru outer grid points. 
(Oct, 12 Md 13J 
15 QCT 69 + 1/20 -
15 OCT 69/18 4.0 1.0/0.5 Dry northeaster (Oct. 15 & 16) 
17 OCT 69 -0.4/ • 313 + 1/3 
7 31 OCT 69 -23/37 + 3/66 29 OCT 69/06 2.5 1.1/0.5 Eytratropica1 cyclone uppef 
~~id field (Oct. 28 & 29) 17 
I -
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l.lgllt Tower, llighest Ocean Still-Water Levels, and Storm-SUrge Canponenta at the Virginia Ileach Tide Gage, 
~ C-=- •.. ' .. Beac~~V~WIIe :h~nges and elapsed time ;~£~~~;, l-y transect I, in eubie m~ters/days !be of Wi d Hi • ., Major ato~t;;;-p·r"60ll;;S 
; proElc . . 1 r. 0 ~ .. es~. 'interval (No entry indicatea ; ~:j' t~ken · · . IT ax m~m wave csea~ •.. : only weak storm effects ,prafll• 
: • . wave.. · ht, ~sto:r: ing taken periodically durl~g 
I :ia 1.10 Yr ~--L 2 3__ 4 5 6 7 8 ~· 10 11 12 13 . 14 15 16 . /h ' 1E!f• surga such intervah to updute data), -~- ---·~--- __ __ d• mo \r rs m m (m) 
18 I 3 NOV 691+ 4/201· 4(20 I I+ 2/201·- 7/17(+ 4/17(+16/17(+ 6/20 
9 I 4 NOV 691 . ~0.6/2C 
20 I 5 NOV 69 
21 1 1 ~ov 69 
22112 NOV 691·18/9 
23 13 :;ov 69 
24114 NoV 69 
25 1 28 r;ov 69 
I+ 2/9 + 5/8 
261 1 DEC 69 
27 16 DEC 69,+20/341+ 7/34~10/34 
281. 
29 
18 DEC 69 
6 JAN 70 
301 8 JAN 70 
31 10 JAN 70 
321 22 JAN 70 
:nj 26 JAN 10 
34,27 JAN 70 
35 1 28 JAN 70 
-26/37 !-14/37 
l-27/43 
+73/1q+11/1ol~ 8/IOI~ 6/10 
• 2/1 
-42/151 +0.9/15 1- 6/151- 2/15 
• 7/11 
• 3/171+ 7/2q+ 8/20(- 5/201+ 5/20 
- 6/1~+· 8/1~ ~13/19 1+0.5/19 
-2o1i I - 8/2 I -24/211·28/2 
_4/1~+10/181+19/181+20/18 
9/21 
• 3/5 
1-10/7 
\ 
14/20 1·10/20 1·23/20 I· 4/20 ~ 3/20( 2 NOV 69/12 
10 NOV 69/12 
3,51 1.1/0,5 1Extratrop1cal cyclone moved 
north along coast Nov, 2,3. 
3,5 1.1/0.5 Extratropical cyclone moved 
thru outer grid, liov.5, 
looped around and passed off 
coast Nov.9. Waves to 2.5 m 
lst pass; wav·es to 3.5 m, 
2nd'pass 
20 NOV 69/061 3,0 I 1.1/0.5 I Dry northeaster, Nov.20. 
2 DEC 69/00 3.0 
~0.1/45 1+33/45 1 1+42/45 rl2/45Jl5/45 17/19 ·56/19 ·27/19 5 JAN 70/00 1,5 
• 7 JAN 70/12 2.0 
+22/4 1+26/4 1+10/4 
21 JAN 70/12 4.5 
• 
0.7/0.2 
1.1/0.6 
1.1/0.3 
0.6/0.2 . 
Small extrntropical cyclon~ 
Dec.2-5, high ~inds fromr~­
east just prior to_profllings 
High winds from N~~ and wind 
set up· 
Rir,h ~inds from N~~ 
I 
Exttatropical cyclone, wind 
vrves 1,5 to 4.5 m high, 
1torm formed off coast Jan.21 
atld moved out of. grid field 
0 
(\) 
~ 
! t~te 
l pre file 
':i ::a ken 
-
·t:..: 
l da lOO vr 1 
36 19 fEB 70 
)7 20 FEB 70 - 8/29 
38 21 FEB 70 
39 22 FEB 70 . 
40 23 FER 7G 
41 24 FEB 7< 
42 7 MAR 7< 
43 8 MAR 7( 
44 9 MAR 7< +28/17 
45 10 MAR 7< 
• 46 11 MAR 7 - 8/2 
47 12 MAR 7 
48 21 MAR 7 
49 23MAR 70 
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Beach volume changes and el"apsed time (00,£/f::.t), _by transects, in cubic meters/daya Ti f Ui d R<->. • ~ajor stonn •. r.~g j>~";,£i}j~g-m~ 0 r. 0 .,. .. es~Wi interval (No entry indicates ; ttax :::-..1m wave cea:-. - L only weak storm effects,profil• 
waves ht. S/s~t:crm ing taken periodically dudng 
16 .f ~ /h 'W. s~r~~ such intervals to updnte data). 2 3 4 5 6 7 8 !; 10 11 12 13 14 15 '• r..o ·r rs m m m 
\ 
-15/24 l7 FEB 70/12 3,0 0.5/0.2 wo extratroplcal cyclones bock 
to back, 1st in upper grid 
- 4/29 - 3/23 I field Feb. lS & 16 wind ~aves to 2m.; 2nd moved thru lower 
-.08/42 - 6/42 +30/41 .' and outer grid field ,Feb. 17 
I & 18 generating waves of 3 m. 
-18/65 +22/65 +15/6. 
: 
- 2/27 
. 
-63/29 - 2/29 
+ 7/15 1+12/11 2/11 -10/40 ; - 3/14 -12/14 -17/11 26 FEB 70/12 4.0 1.0/0.3 Minor extratroplcal cyclone on Feb, 26, profiling t2ken on 
+10/13 - 4/15 -26/15 -27/16 basis of predicted dry north• 
easter 
+ 7/17 9 MAR 70/18 3.0 1.0/0.3 Dry north~1ster Mar. 9. 
+ 5/2 +23/2 +28/2 - 2/3 -10/3 +6/3 
'I 
+ 6/2 - 1/3 +33/4 - 2/4 - 6/4 +10/20 
+ 4/5 
' ) 
0.6/0.2 lrw~ minor back-to-hack extra• 
-30/10 -0.4/1( + 5/10 +0.9/lC . 21 MAR. 70/00 2:( 
. 
tropical cyclones ,• 1st pased 
-10/2 .,. 2/2 ._0,1/2 - 2/2 oyer Chesapeake Bay'mouth Nov. 19, wind waves of 1.5 m; 
2nd storm formed off Delaware 
Bay Mar .21 & moved northeast •. 
out of grid field, generating 
vaves to 2 m • 
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53 
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64 
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Tide Gage, 
' , ' • ..~... ·l' )••\d; t:t:;l)l.~ lll, 1 ... : l..! •• al,l..;itke 
IU.(tllcst Ot:t:nll 13Hll-Wu.\.er Levels, nnd Stol:ll!•Surge Components at the 'lireinia !l!!£1ci, 
. Beach volume changes and elapsed time (6Qf/~t), by transects, in cubic meters/days Time of 
maximum 
Wind I Highest IHajor storr.:(s) aurir:;; p::of!ll 
Ocean SI-r.._, interval (!\o entry ir:Lca:cs 
2 APR 7J.+ 1/22~- 6/22 + 4/21 
3 APR 7 • 3/1 - 6/1 -14/2 + 2/2 - 1/2 
5 APR 7 
6 APR 7 +.02/25 
14 APR 7 
- 2/11 +12/11 
15 APR 'l + 9/12 
- 2/12 
16 APR 7J - 4/10 
3 MAY 7 
+ 5/13 
I· I 
5~Y1j 
12 MAY 7 + 5/28 - 8/28 + 4/25 
13 MAY 7 -13/27 -+1J.4/28 + 2/28 
15 MAY 7J 
20 MAY 70 
27 MAY 70 
28 MAY 70•+ 6/16 + 4/16 + 9/17 
+ 5/9 
- 2/2 - 2/2 
I . I I 
I I 
- 4/28 -16/28 
r 2/lr:A l-58/196 
- 3/261 +13/26,-25/2£1 + 6/261+ 4/261+ 3/26 
+ '1./9 ,_ 2/9 I+ 3/9 1- 4/9 1-13/9 l-11/9 
I -1/19 - 8/19 
-"'1 +12/191+11/19~13, 
,. 8/2 
- 2/2 -12/2 -10/2 ,-12/2 l-51/2 
0.5/0.6 
1.51 0.6/0.2 
0.7/0.2 
• 
only veak stern effectu,prof£1 
ing takEn periodically curing 
such intervals to upd1Le data) 
Extratropical cyclone formed 
off the coast the morning of 
Extratroplcal cyclone moved 
off coast over Va.-North 
Carolina border Apr.14, then 
moved up coast 
Minor extratropical cyclone 
May 24. 
0 
,£::-
' < l ;. 
, ·~·" '"'''', lilL.l"cJI. IJ'-'''"11 :.;\..U.l-\•c~\..~;1 L~;v~;la, wui Ul.olm•tl\U'Be t.:ulllponents o.t the Virginia lJcach Tide Gage. 
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1 
P3:_: Beach volume changes and elapsed time (~f/llt), by transects, in cubic meters/days Time of Wind iu h \Majo_r storm( s) d'Mlng prod ling 
---•· 'e g est 'interv•l (N t · d · 
•
1 
-•v··- · 1 0 5,,.. • u o en ry 1n 1cates ;l ~ ... , · max t:1um wave cean v;._: 
·-. .<..<en I h A 'only weak storm effects ,profl \• :1 waves t. SL stan ' . 
· · . · 1 . lng taken period lcally during I :03 ::o vr I 1 2 3 4 5 6 7 8 -5 10 11 12 13 14 15 16 ''" rno v-r/hrs m 'ml 
5(~gl; such intervals to update data). 
1 1 1 1 1 1 1 1 r , 1 •. , 1 , 
661 1 Jl'N 7J l I (-<l8/5 - 26/51+ 1/5 1- 8/5 1+16/5 
67 2 JUN 7~ -11/5 • 2/5 ·12/5 
E81 9 JU!I 7 
69114 JL'N 7 
· 70( 18 JUN 7o! + 7/161+ 6/16 
71119 JUN 7C 
72 22 JUN 1C 
731 23 JUN 7C 
74,18 JUL 7C 
75i 20 JUL 70 
761 21 JUL 7< 
771 22 JUL 7( 
+ 4/21 
781 23 JUL 7d + 5/351 + 6/35 
' 79124 JUL 7 I+ 4/31 
80 10 AUG 7( 
"I u ''" ,. +11/191+ 3/19 
82 12 AUG 7< 
83j 13 AUG 7g. 7/2 I· ~/2 I 
+23/17(- 4/171+ 6/171-15/17 
-15/30 
+ 9/21 +26/33 
• 7/31(+27/28 
• 8/29l-48/33l+11/33l+13/3ll+27/33 
+43/201+ 8/201 +7/201+ 8/20 
-1012 1·15/2 I· 212 1-1012 
I 
+15/351- 2/35! +12/351+19/35t58/35r 
- 6/5 - 1/5 -11/5 -31/5 -22/5 
+ 6/34 I +10/341 - 6/34(+24/34! -7/341 10 .nn. 1011 
23 JUL 70/6 
- 3/4 I+ 4/4 I +I0/4.1+17/4 1+21/4 
+18/19 I -31/19( ·31/191- 5/191·33/191 11 AUG 70/0( 
- 3/2 1+36/2 1+36/2 I+ l/2 1+37/2 
• 
!Mild dry northeaFter Jul,lO, 0. 7/0.3 profiling taken on baEis of I predicted drv northeaster 3.0 
2.5 0.7/0.2 
2.5 I 1.1/0.6 
1 I Dry northeast~f Jul.l'l • 23 
i 
I 
! 
1 
Extratropical cyclone moved up 
the coast Aug.J0-13,centered 
off Va. coast the morning of 
Aug. ll . 
~ 
J 
(') 
\11. 
"' ... 
8 
8 
8 
~ 
) 
5 
1 87 
l 
) 
_88
89 
) 90 
91 
! 92
93 I 
9:. I
95 ; 
i 96
Data 
profile 
taken 
cia r::o vr 
17 AUG 7C 
24 AUG 7( 
25 AUG 7£ 
20 SEP 7C 
22 SEP 70 
23 SEP 70 
25 SEP ·70 
29 SEP 70 
30 SEP .70 
1 OCT 70 
6 ocr 10 
17 OCT 70 
20 OCT 70 
97 1, 21 OCT 70 
I 
l1 22 OCT 70 98 
99 I 23 OCT 7C 
100 24 OCT 70 
I 
Light 'l<met1 IUi!,htlut Uccall Sl.ill~\:u.Lcr Levels, nut.l S~01111·Surge C01nponenta at lh~ Virginia ~ach 
Tide Gage, · 
•• Beach volume changes and elapsed time (6Qf/~t), by transects, in cubic meters/days Time of Wind Highest maximum '~£4,;:; wave waves ht. ~1~ rge 
1 2 3 4 5 6 7 8 9 10 11 12. 1? 14 15 16 ·~ rna vr/hrs m. m ( m) 
+ 1/27 + 2/5 + 5/5 +0.7/S + 2/5 17 AUG 70/0 1.5 0.9/0.3 
+17/35 + 5/35 
-7/3 
.. 2/39 • 2/3 + 6/39 -21/39 -3/39 12 SEP 70AJ6 2.0 1.0/0.3 
- 9/40 + 1/4C + 7/JE ·19/36 - 3/36 +12/36 15/14 
+ 4/2S 
- 7/37 
+ 1/32 
- 2n2 
-8/7 +22n +5/7 -31/7 28 SEP 70/!1 3.0 0.8/0.5 
·29/8 -t{).4/6 -3/10 [+-10/10 + 5/lC +15/lC -4/H 
+5/9 
+2/13 4 OCT 70/fX 2.5 0.6/0.2 
- 3/18 - 3/1~ -10/18 + 9/18 +15/17 - 4/17 -15/17 -13/17 +7/17 16 OCT 70/fX 3.0 0.6/0.2 
. ·-
+34/20 + 2/19 +o.4/ll 21 OCT 70/00 4.0 0.9/0.2 
- 5/1 
- 3/2 - 6/2. 
+2/3 + 1/6 +.6/6 +o.2/6 +U/6 - 5/6 . -16/6 - 3/6 - 4/6 -19/6 
- 4/3 
. 
~· 
Major ;~~;~~~o~ 
interval (No entry ind lcates 
only weak storm effects,profli• 
ing taken periodically during 
s~ch intervals to update data), 
Minor extratropical cyclone 
Aug, 17 & 18 
Minor extratropical cy~lone in 
upper grid field Sept.l2 & 13, 
profillngs taken on basis of 
predicted extratropicalcyclDne 
Extratropical cyclone, moved 
off the continent over Cape 
Hatteras Sept.28 and moved 
up the coast (Sept.28·30) 
" 
Dry northeas't~r Oct. 3 & 4 
Dry northeaster Oct.· 16 & 17 
Hi 
interval. 
j 
C) 
"' 
D~:e 
102 1 29 ocr 10 
' ' J IJ l I. 
L:l.l],ht lwer, lUghest uccan ULill-WaLer Levels, aud Storm-Gurge Compa!ients at the VireiJ,ia. iOeuch 
Tide Gage, · 
.. . - - ·....--
Beach volume changes and elapsed time (/Af/t:.t), by transects, in cubic meters/days 
-21/61 ~36/21 -37/6 I -44/6 I ~48/6 +4/1771 + 1/6 l-10/6 I+ 3/6 
Time of 
ttaxi't!Um 
Hinc 
Extratropical cyclone moved up 
coast, veered seaward just 
north of Cape Hatteras (Oct. 
26) and moved out of grid 
103 1 30 ocr 101- 2/8 l-13/8 
10411 NOV 70 
105 3 NOV 701·19/4 1/4 
106! 5 NOV 
107 l 25 NOV 701 
108 i 30 NOV 70 i I I 
• 109 2 DEC 
110 3 DEC 70 
111 I 5 DEC 70 
1121 8 DEC 70 . 
113 9 DEC 
114 10 DEC 
115 11 DEC 
116 : 14 DEC 
~ 
+26/4 i + 1/41 + 7/41 +43/41 +16/4 +10/3 I+ 7/3 1-12/3 
rl9/23 t 2/23 
3/5 
_ .,8 t 11/3 r~'"l- .,8
1 I I 1-11/34 1+17/34,+13/34 
- 8/36 3/5 
1.3/0.2 
• t' 
; 
iExtratropical cyclone hugged. 
I coastline moving around Cape Hatteras and up the coast, veered seaward at mouth of 
Chesapeake Bay Nov.2; 2nd 
extratropical cyclone was 
stationary for 6 hrs. over 
central Va.,Nov.4,then moved 
seaward over upper Chesapeake 
~ { 
(') 
-..1 
) 
117 
116 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
I! ate 
profile 
~"'"" .o.uncq ,..,.., .. .,,.., ucean tlt;J..U.·Wnter Level111 llJld 13torm-llUrge CClllJ?onenta nt the.Virginia ~ach Tide Gage, 
Beach volume change a and elapsed time. (~f/t;t), by transecta .. in cubic meters/day• Time of 
ttaxir.arn 
waves 
IHr.d 
t:ave 
3/27 
- 7/35 
+ 7/4 1- 3/4 l-21/4 1+16/4 
+ 4/3 
- 2/4 
1/101+ 3/3 
+ 2/8 
-11/7 
- 6/221+ 5/7 
+ 9/6 
5/26 
5/2 
I I I I 
_ 1}" r- ,,,. -11/2r .,,. 2 JAN ntocj 3.0 1.0/0.3 
+ 9/2 - 5/2 + 5/2 +6/2 I 
27 JAN. 71 3.0 I 0.9j0.3 
2/30 1- 3/30 /30 I 14 FEB 71 2.5 1 o.a;o.o 
• 
r'!;,g p~~fillng 
a1 (No entry indicates t 
weak atorrn effect a ,proJll• 
taken periodically during 
intervals to update data), 
Extratropical cyclon~ moved up 
the coast, low pressure centtT 
hugged the ehorell~e, storm 
veered northeast just north 
of study area. (Jan.1·2} 
,, 
~I 
Tip of an extratropica1 cyclo~ 
that passed over New England 
.'j 
0 
CX> 
134 
135 
136 
137 
138 
119 
lit C. 
141 
142 
143 
144 
145 
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148 
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15C 
151 
! ' I 
- I -:::: 
F:'~.i:le 
. 
I 
~2t::cn 
" i ::a ~-) \.'1:_ 1 
I 
17 FEB 7 
18 FEB 7 
24 FEB 71 
5 MAR 7l 
8 MAR 7 718/35 
9 MAR 7 
10 MAR 7 
12 MAR 7 
I 23 MAR 7 
I"~" , fi-10/16 25 MAR 7 
i 27 MAR 7 - 1/3 
28 MAR 7 
29 mR 7 
31 H..\R 7 
7 .APR 71 - 1/10 
8 APR 7 
9 APR 71 
- -
Llt.;ll\. 'lul-lcr1 !Ut.;la!~~ UcCl\ll L'-ill-lia~cr L~.<vd:.l 1 wul IJLuuu-Liult;e l:ompuneuLs ut t.lw Vil"~ll.la lr;til:h 
Tide Gage. 
"\4·-~··· 
-
.. . . ~--~--~.,.----
· Major sto~~uring profiling 
Beach volume· _changes and elapsed t:!Jne (~r/ t.O:.), lri' transects, .in cubic ineters/d~ya Tin: of Wi::d Hi;ihest __ , interval (No entry indicates ' 
rta}a::~um wave Ocea:: £,,_ only weak storm effects,prt>fil• 
2 3 4 5 6 7 8 ~ 10 11 
-5/7 
+ 2/13 
-. 4/7 +1/13 2/13 
- 5/6 
- 3n5 + l/9 +1/15 - 4/15 
- 7/35 .. 
+13/27 
+ l/2~ 
+35/4 
+ 8/18 + 4/18 +7/18 ~14/18 
-30/12 
+ 6/16 
- 2/3 . -30/4 
-33/3 -4i/5 -27/5 -22/5 -25/5 
-14/19 
+ 1/2 
+ 3/10 +10/9 - 8/4 
+ 7/10 - 2/10 -17/10 
- 2/lC 
'· 
, 
12 13 14 15 
+23/30 
-13/51 - 5/51 12/51 +9/81 
-12/4 -12/4 -35/4 17/4 
-12/4 + 2/4 +17/4 +15/4 
~ 
waves ht. S~tc~r ing taken periodically during 
>lar. s~:rg~ such intervals to update data). 
16 d .. ·r:o yr/hrs m 'm) (m) · 
4 MAR 71/12 2.0 NA 
. I
27 MAR 71/0C 3.0 1.8/1.8 
5/51 
41/4. 
+15/4 
-
It 
. -
Extratropical cyclone moved . 
off the continent over Va.• 
North Carolina border early 
the morning of-Mar. 4, moved 
up Va. coast line & out of 
grid field Mar. 4 & 5 • 
Extratropical cyclone formed 
off the coast below Cape 
Hatteras & moved to.north• 
east thru the grid field 
Mar. 27-28. 
' Storm surge recorded at Virginia 
Beach before guage destrQYed on 
!-larch 26, at 2200. 
J 
. 
0 
'0. 
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APPENDIX D 
PROFILE ENVELOPES OBSERVED AT EACH OF THE TRJI.NSECTS 
SHOWN ON FIGURE 2. 
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Dl.- Envelope of profiles made at transect 1. 
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D2.- Envelope of profiles made at transect 2. 
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• D3.- envelope of profiles made at transect 3. 
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D4.-·Envelope of profiles made at transect 4. 
DS.- Envelope of profiles made at transect 5. 
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D6.- Envelope of profiles made at transect 6. 
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D7.- Envelope of profiles made at transect 7. 
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• D8.- Envelope of profiles made at transect 8. 
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D9.- Envelope of profiles made at transect 9. 
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DlO.- Envelope of profiles made at transect 10. 
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DlOA.- Envelope of profiles made at transect lOA. 
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Dll.- Envelope of profiles made at transect 11. 
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Dl2.- Envelope of profiles made at transect 12. 
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D13.- Envelope of·profiles made at transect 13. 
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Dl4.- Envelope of profiles made at transect 14. 
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DlS.-·Envelope of profiles made at transect 15. 
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APPENDIX E 
GRAPHS SHOWING VARIATION IN AQf AND QI AT rHE 
16 MAJOR ·TRANSECTS (FIGURE 2), BY SEASON 
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